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Abstract: Dak Lak province, Central Highlands, Vietnam presents an interesting case in perennial
crop systems, of which coffee and black pepper are the two premier commodities and contribute a
large part to economic growth provincially and at the national level. In recent years, in addition to
mono-cropping systems, intercropping systems for diversification have developed quickly. This paper
focuses on (1) comparing the economic efficiency of mono-coffee systems (MCSes), mono-pepper
systems (MPSes), and coffee and pepper intercropping (CPI) by analyzing startup cost, annual cost,
and profits; and (2) identifying the main factors affecting farmers’ decisions to convert their crop
systems. The study was carried out by investigating 90 perennial crop samples using the three
perennial crop systems (MCSes, MPSes, and CPI) in 2017–2018. Additionally, in-depth interviews and
focus group discussion (FGD) methods were applied to collect more information about the operations
of each system. Another survey with 37 samples (new plantations) was carried out to compute the
startup cost. The findings showed evidence that MCSes had the lowest startup and annual costs,
whereas MPSes had the highest costs of the three perennial crop systems. MCSes used less manure or
compost in the initial setup and overused chemical fertilizer in annual production. Similarly, MPSes
had high pesticide-stimulant costs in the production process to sustain crop development. The study
indicated that CPI not only had the highest economic efficiency, but also created the best family
employment opportunities of the three systems. Additionally, the study found some social factors
that strongly influenced farmers’ decisions to shift their cropping system: These included ethnicity,
education, training, and crop failure, in addition to economic factors (profits).
Keywords: perennial crops; economic efficiency; sustainable development; farmers’ decisions
1. Introduction
Vietnamese agriculture plays an important role in economic growth, providing 20% of
national gross domestic product (GDP) [1]. After the Renovation program (known as Doi Moi),
Vietnam engaged in international trade and freer investment. Cash crops (annual and perennial
crops) were regarded by the government as principal drivers for crop-growing households and the
rural population to reduce poverty [1]. In this mix, black pepper and coffee were considered major
agricultural products in Vietnam [2]. During the periods of the 2000s and 2011–2013, the perennial crop
growing area increased from 2.2 million to 3.8 million hectares (about 7% per year), and most of this
expansion was for coffee and rubber exports [3]. Coffee is one of Vietnam’s 10 most important
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export commodities, and Vietnam ranked second in coffee production after Brazil in the 1990s
and third place behind Brazil and Colombia in 2014 (about 2.7 billion USD) [4–6]. Unfortunately,
enormous challenges and stressors, such as fluctuating commodity prices, climatic variability (drought),
disease, high numbers of aging trees, and other degradations affected yields, input costs, and the
gross income of farmers [7,8]. In Dak Lak province, the agricultural sector was identified as a “top
area” in economic growth, with the cultivation sector reaching 73% of GDP and agricultural growth
reaching 2.6–3%/year [9,10]. Remarkably, coffee was a primary export commodity for the province
(i.e., its category dominated 40% of the national output of coffee and 30% of the total coffee area in
Vietnam [5,6,11]), and the black pepper area was second only to Binh Phuoc province, with 16 thousand
hectares in 2016. This has played an important role in the provincial economy in recent years [6].
Clearly, the development of the coffee sector and other areas is related closely to the socioeconomic
growth of Dak Lak (cited by the head of the province). However, low productivity, pest infestation, and
the collapse of coffee prices has caused economic losses for coffee producers and traders, discouraging
people from investing in the future of coffee. Farmers have faced indebtedness, as it is difficult to
repay loans borrowed in better times to expand coffee areas [12]. As a result of different approaches to
reducing problems, risks, and uncertainty, farmers have switched to coffee and pepper intercropping,
with a higher value in recent years [13,14]. Diversification and the replaying of coffee plantations
to other crops was a natural adaptation of farmers to help secure production under vulnerable
conditions [7,12,15–22]. Diversification is not only a risk management strategy (i.e., spreading risks
and creating buffers), but is also a response to price changes [16–23]. For instance, farmers had
converted from mono-cropping to crop diversification by an estimated 15% in 2009 [22], and continued
expanding in the following years (citied by the head of DARD (Department of Agriculture and Rural
Development) Dak Lak). However, farm diversification is not always easy, as there are no clear
profit options, and there are financial costs for change as well as the reallocation of labor to other
activities [18].
Many previous studies have examined the economic efficiency of perennial crops. For instance,
there has been an economic diversification between subsistence food production and both coffee and
cash food production [2], the production of corn with coffee has resulted in increased efficiency [24], and
mono-coffee has been less efficient than coffee and industrial crop intercropping due to the presence
of economies of scope [25]. Farmers have been interested in the diversification of their Robusta
with pepper and vanilla, but do not want to reduce their potential Robusta yields [18]. Coffee was
intercropped with industrial crops such as avocado, durian, and pepper to bring a profit average of
85 million VND (Vietnamese Dong (national currency of Vietnam)) /ha [26]. However, evaluating and
comparing economic efficiency among mono-cropping systems and specific types of crops has not
been implemented [25], or the study was carried out using a small sample (30 samples) [26].
This study was undertaken to focus on comparing the economic efficiency between three perennial
crop systems: A mono-coffee system (MCS), a mono-pepper system (MPS), and coffee and pepper
intercropping (CPI). Another aim was identifying factors affecting farmers’ decisions to shift cropping
systems. This was necessary to inform farmers and local authorities of their choices and for local
regulations to improve the sustainability of perennial crop production.
2. Materials and Methods
2.1. Study Site
Dak Lak province is an agricultural province suitable for coffee and black pepper production,
with appropriate temperatures and soil as well as two clear seasons, rainy and dry. In many years,
coffee and pepper provide great value. Between 2005 and 2016, coffee and pepper increased in
both area and productivity, though export earnings had fluctuations. In 2016, the area of coffee and
pepper production represented 70% and 9.6%, whereas the export value reached 86% and about 12%,
respectively (Figure 1).













Figure 1. The production and export status of coffee and pepper during 2005–2016 in Dak Lak 
province. Source: Dak Lak Yearbook, 2005–2017 [9]. 
Dak Lak province is divided into 13 districts, one district-level town, and one city, all involved 
in perennial crop production. Cu M’gar and Cukiun districts are the largest coffee- and 
pepper-growing area regions. Buon Ma Thuot is a central city with favorable conditions (market, 
transportation, agri-services), and has the longest established perennial crop system. Three regions 
have more heterogeneous (fertility and weather) conditions and are suitable for perennial crops (see 
Figure 2). Cu M’gar district, Cu Kuin district, and Buon Ma Thuot city are examined in this study 
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2.2.1. Focus Group Discussions (FGDs) 
Figure 1. The production and export status of coffee and pepper during 2005–2016 in Dak Lak province.
Source: Dak Lak Yearbook, 2005–2017 [9].
Dak Lak province is divided into 13 districts, one district-level town, and one city, all involved in
perennial crop production. Cu M’gar an Cukiun districts are the largest coffee- and pepper-growing
area regions. Buon Ma Thuot is a central city with favorable conditions (market, transportation,
agri-services), and has the longest established pere nial crop system. Three regions have more
heterogeneous (fertility and weather) conditions and are suitable for perennial crops (see Fi ure 2).
Cu M’gar district, Cu Kuin district, and Buon Ma Thuot city are examined in this study (see Figure 2).
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Figure 2. Map of Dak Lak province and study areas.
2.2. Data Collection
2.2.1. Focus Group Discussions (FGDs)
Three FGDs were conducted with (7–8 participants) who had production experience. The aim
was to collect and understand farm activities and difficulties in production.
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2.2.2. Key Informant Interviews
Both observation trips and in-depth interviews with key people (elderly people, heads of
communes, extension workers) were used to collect preliminary information on field situations and to
get to know farmers: These provided complementary information.
2.2.3. Household Surveys
Households were selected by a stratified random sampling method of the three perennial systems
including MCS, MPS, and CPI. The 86 producers selected provided information for each of the three
systems. In fact, the households list provided 90 samples for data about perennial crop production
because some households owned more than one piece. The farms were between 0.5 ha and 2 ha,
which is similar to the average area of local farms [10].
Additionally, 37 farms were surveyed a second time to collect information (farm age was about
1–3 years) to evaluate the startup cost completely due to the long life spans of coffee and pepper
plantations (25 years was typical in this study). The surveys were conducted from December 2017 to
April 2018. The perennial crop sample distribution is presented in Table 1.
Table 1. The distribution of surveyed samples by research site. MCS: Mono-coffee system, MPS:
Mono-pepper system, CPI: Coffee and pepper intercropping.
Region Commune MCS MPS CPI Total Samples
1. First investigation
BMT Ea Kao 12 9 9 30
Cu Mgar Cu Suê 12 8 15 35
Cu Kuin Ea Ktur 8 11 6 25
Total samples 32 28 30 90
2. Second investigation
BMT Ea Kao 5 4 4 13
Cu Mgar Cu Suê 4 6 3 13
Cu Kuin Ea Ktur 3 4 4 11
Total samples 12 14 11 37
2.3. Data Analysis
In this study, farm profile, cost-return, and comparative analysis were used to examine the
differences in economic efficiency, in addition to descriptive statistical analysis (means, percentages,
charts, and growth rate). Many indicators such as production cost, revenue, value added,
and profit indicate which cropping systems have the best economic performance for households [27].
The Kruskal–Wallis and Mann–Whitney methods were applied to the test results.
Moreover, a binary regression model of the most common approaches was used to examine
farmers’ decisions between two alternatives [28]. Using socioeconomic characteristics, this model
tests the probability of a farmer’s decision to change current systems to another. Accordingly [29,30],









where Pi = probability of the event occurring, B0 = a constant term, Bj = a coefficient, and X =
independent variables.
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Let FDT be Loge (
P(Y=1)
P(Y=0) ), the explanation of the variables on farmers’ decisions to have perennial
crops was linear:
FDT (farmer’s decision transformation) = B0 + B1Gender + B2Ethnicity + B3Education
+ B4Experience+ B5Training + B6Relatedfamilylabor + B7Lack of water + B8Crop failure
+ B9Profit
(2)
where gender is a dummy (1 if male, 0 if female); ethnicity is of the head of household (HH) and is a
dummy (1 if Kinh, 0 if others); education level is of the HH and is in years; experience is of the HH
and is in years; training is a percentage of the HH and is a dummy (1 if yes, 0 if no); related family
labor is number of people; lack of water is a percentage of the household and is a dummy (1 if yes, 0 if
no); crop failure is a percentage of the household and is a dummy (1 if yes, 0 if no); and profit/cost is a
percentage.
3. Results
3.1. Information on Farm Households and Perennial Crop Systems in Dak Lak Province
The Characteristics of Perennial Crop Households and Farms
Table 2 describes the characteristics of perennial crop households in this research study.
Table 2. The characteristics of perennial crop households. HH: Head of household.
Items N Min Max Mean SD
Gender (male response) 86 - - 0.70 0.46
Kinh ethnic 86 - - 0.68 0.47
Age (years) 86 25 72 49.42 9.84
Education (years) 86 0 13 8.07 3.61
Experience (years) 86 3 30 10.34 6.16
Training (% household (HHs)) 86 - - 0.47 0.50
Farm size/household (ha/HHs) 86 0.5 5.5 1.84 1.03
Average perennial crop area/HHs 86 0.5 2 1.00 0.45
Family labor work at farm (people) 86 1 8 2.23 0.96
Loan credit (% household) 86 - - 0.49 0.50
Groundwater (% household) 86 - 0.91 0.28
Lack of water (% household) 86 - - 0.38 0.48
Crop losses (% household) 86 - - 0.41 0.49
Source: Authors’ own calculations.
Most of the surveyed households were Kinh people and of northern ethnicities (Tay, Dao) who
were migrants from New Economic Zones [31] or came due to other unregulated migration, estimated
at 68%. There were 30% female HHs, except for the Ede, where 38% were female HHs. In terms
of education and experience, most had finished the 8th year of school of Vietnamese education,
except some illiterate Ede ethnic households. Farmers had significant experience in perennial crop
production (around 10 years), which was provided by their parents, neighbors, social media, and
worker extensions. Additionally, 47% of surveyed farmers stated that they participated in training
courses, which are implemented by the local authorities and companies.
Regarding farm size, the total cultivated area was less than 2 ha per household, including perennial
crop area (coffee, pepper, cashews) as well as annual crop area (rice, beans, corn). The surveyed area
was similar to official reports of the Dak Lak People Committee, 2017 [3,9,32]. In particular, the average
perennial crop area was small, about one hectare per family. This was because in the past, the total
productive areas were quite large, but families have now shared the land with their children as they
grew up, got married, and raised families. Another reason is that most households were migrants
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from outside the area after the 2000s. It is not easy to own large cultivated pieces of land because of
high land prices.
Family members provided labor, with 90% working full-time as husband and wife. Some families
were supported by their children. Other children went to school or became workers in nearby provinces.
As a result, most households had to use hired labor, especially in the harvest season. In this study,
the average family contribution to farm labor was estimated at 2.23 members.
Financially, about half of the farms observed borrowed from financial organizations both formal
and informal, where a part of a loan was used for annual investment costs (buying fertilizer,
pesticide, and hired labor), and the rest was used for ongoing costs, building a house, or supporting
children’s education. In addition, interviewees described their irrigation source, which plays an
important role in perennial crop production (i.e., irrigation helps coffee to break the flower bud and
triggers homogeneous blossoming and cherry development). Growers have been faced with drought
challenges (38% of households) and dying crops (41%), which has created difficulties in sustainable
production [33,34]. The results showed that over 90% of interviewees were using well water rather
than surface resources such as dams, streams, and lakes.
The profile of three perennial crop systems is presented in Table 3.
Table 3. The statistical description of perennial crops by type of crop system.
Items
MCS (n = 30) MPS (n = 28) CPI (n = 32)
Mean SD Mean SD Mean SD
1. Average plot area (ha) 1.1 0.5 0.8 0.4 1.0 0.4
2. Density (tree/ha)
Coffee 958 99 - - 964 179
Pepper - - 1344 293 914 271
3. Average age of system (years)
Coffee 17 7.1 - - 13 6.3
Pepper - - 7.43 4 7.3 3.2
4. Yield (tone/ha)
Coffee 2.1 0.5 - - 2.3 0.7
Pepper - - 2.3 0.8 1.8 0.7
Source: Authors’ own calculations.
For MCSes, the average growing area was estimated at 1.1 hectare. The density reached 958
trees per hectare, which was a lower density than the technical standard (1.100 trees/ha) [35].
The explanation for the low density was that plantations get pet and disease infections (41%), with many
trees dying. In FGDs, the farmers admitted that MCS was a relatively simple system to plant and
care for, especially Robusta coffee (i.e., over 90% of survey households had Robusta) [18]. However,
the yield reached only 2.1 tonnes per hectare because of the high proportion of aging tree stock (17 years
in this study) and the fluctuation of weather.
MPSes were started initially from residential gardens of very small acreage in the last decades.
In recent years, they have been developed strongly due to favorable prices. However, the average
pepper size was the smallest scale compared to all the rest, by 0.8 ha. According to respondents in
the survey, instead of renewing an old coffee plantation, they shifted to pepper cultivation to take
advantage of good prices in the following two ways: First, pepper was planted in vacant spaces of
old coffee plantations, and after that, farmers cut down coffee trees to cultivate MPSes. Second, old or
unproductive coffee orchards were removed. After that, pepper was planted in the area. This is why
pepper density was not higher, only 1344 trees/ha. Unfortunately, black pepper is a disease-sensitive
crop (i.e., pepper growers confront disease), and black pepper disease affected about 2000 ha in 2017
(equal to 13.2% of all plant diseases in the whole country, including foot rot or quick wilt disease,
Pollu disease, slow decline or slow wilt, and stunt disease), but the dramatic collapse of coffee and
rubber prices as well as high pepper prices encouraged farmers (the Dak Lak People Committee, 2018).
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Most MPSes have been planted since the 2000s, which is quite recent (7.43 years), to create high yields
estimated at 2.3 tonnes/ha. The surveyed data showed that MPSes were cultivated in an unregulated
way (in areas not zoned for farming), with more wooden and concrete pillars than live plants. Rubber
trees could be used as pillars and play areas, and ponds and rice fields were taken over to have more
land to grow pepper. This was because growers expected pepper crop development to gain quantity
quickly as well as propagate commercially through cutting as soon as possible, which was revealed by
the farmers.
In terms of CPI, as a diversification model it has the existence of economies of diversification,
economies of scale, and diversification efficiencies at the farm level [7,35–39]. Moreover, pepper is
intercropped with other crops to generate higher yields than mono-cropping, which reduces pet and
disease incidence, spreads risk, makes an effective use of labor, and mitigates market risks [25,40–43].
In Dak Lak province, CPI was formed from coffee and pepper, which were grown together in
the same field, in which pepper was grown initially into a coffee garden for planting as a shade tree.
Over time, this model has been widely and enthusiastically used in farmers’ plantations. According
to the surveyed data, CPI planting was quite young (7.3 years of pepper, 13 years of coffee, and 1.0
ha of plot size). Besides that, the density was mentioned to be estimated at 964 coffee trees and 914
pepper trees per ha, including two intercropping methods: Group (a small sub-area of coffee and
pepper was planted in the orchard) and intersection (two coffee rows or three coffee rows or five
coffee rows to intercrop one pepper row, where pepper was designed at the intersection point of
coffee holes). Additionally, the yield of CPI was estimated at 2.3 tonnes of coffee and 1.8 tonnes of
pepper/hectare (Table 3). According to interviewees, high pepper density led to decreased yield due
to the competition for space and light. Furthermore, many respondents admitted that there were some
production difficulties due to specific techniques (i.e., irrigation and harvesting).
3.2. The Economic Analysis of Perennial Crop Farming Systems
Input Cost
Because coffee and pepper have a long life span, the cost needs to identify both the startup and
annual costs, which play an important role in influencing the growth and productivity of perennial
crop systems. The specific cost of establishment is presented in Table 4.




Mean (n = 12) SD Mean (n = 14) SD Mean (n = 11) SD
Total 38.5 22 147.5 102 65.3 31.5 0.00 *
Preparation of land 4 2.8 4.9 7.5 3.3 5.7 0.3
Materials costs 19.5 11.3 130.5 98 42.3 28.8 0.00 *
Pillars - - 87.8 78.5 15.3 30 0.03 a
Holes 2.8 2.3 6.5 8.3 2.5 3 0.4
Nursery 12 8.3 9.4 20.5 3.6 3 0.01 *
Fertilizer 3 3.9 23 24 19 11 0.00 *
Pesticide 0.4 0.6 0.1 0.4 0.2 0.4 0.02 *
Others 1.2 0.8 3.5 4.2 1.4 1.3 0.3
Labor 15 10 12.3 4.2 19.7 7 0.00 *
Hired labor 3 3.3 3.2 4.2 1.3 2.8 0.05 **
Family labor 12 7 9 4.7 18.4 5 0.00 *
Source: Authors’ own calculation. Note: *Significance level at 99%, ** Significance level at 95%. a Asymp. sig. of
Mann–Whitney Test: 0.03. Asymp. sig. of Kruskal–Wallis Test: 0.00.
This startup cost was estimated at 38.5 million for MCSes, 147.5 million for MPSes, and
65.3 million VND per hectare for CPI. It included various semi-costs such as land preparation,
materials, and labor. The surveyed results showed that most plantations were renewed by replacing
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old and unproductive coffee trees (95%). Specific startup costs were analyzed: Concerning land
preparation, they focused on cutting trees, ploughing, and cleaning operations to grow new crops.
Normally, farmers often hire contractors to do these activities instead of doing it themselves. Buying
old coffee tree also helped farmers to pay a part for this cost. Therefore, this cost occupied 4 million:
4.9 million and 3.3 million VND per hectare (see Table 4).
Materials expenditures had the highest cost of startup costs, including pillars, digging holes,
nursery costs, fertilizer, and pesticide. The study showed that MPSes had higher material costs than
MCSes and CPI, by 130.5 million VND per hectare, in which the pillar cost (either concrete or wooden)
was dominant in the materials costs, making up about 90 million VND per hectare.
According to farmers, pepper was planted immediately along with the pillars, and grew up better
than pepper on its own. Additionally, farmers harvested pepper as soon as possible to take advantage
of the high pepper price of the market, which attracted farmers to use concrete and wooden pillars to
grow black pepper.
In contrast, CPI had lower pillar costs than MPSes due to using a live plant as support propagated
by the farmer or purchased at a low cost. The disadvantage of CPI was the farmers’ costs of taking
care of the plant (at least the first year after planting the pepper crop), estimated at 15.3 million VND
(concrete and wooden pillar price was around 160,000 VND/pillar, whereas a live plant support
was about 7,000 VND/pillar (the exchange is 1 USD = 23,020 VND). Therefore, based on this, a
recommendation for reducing establishment costs in MPSes and CPI was using a live plant instead of
a wooden or concrete pillar.
One kind of material cost was the nursery, where plants were propagated by family or purchased
certificated. According to local authorities, propagated coffee plants were provided for farmers to
replace old coffee trees, but there was not any policy for new pepper plants. As a result, the nursery
propagated pepper for MPSes, which was the highest cost compared to CPI and MCSes, at 9.6 million
VND per hectare.
The next cost was fertilizer, manure, and chemical fertilizer. MPSes and CPI needed to have
applied high levels of fertilizer (23 million and 19 million VND per hectare, respectively), whereas
MCSes only used 3 million VND per hectare (see Table 4). Coffee farmers used less manure or compost
in the startup process, which influenced the growth quality of the crop and productivity [44]. The study
found that most farmers applied more manure or compost than chemical fertilizer. Manure (created
from the waste of pigs, cows, chickens, and coffee straw materials in the first week after planting),
including farmer-produced (30%) and purchased (70%), was given at 10 to 20 kg/tree.
As for the labor cost at planting, labor was used for cleaning, preparing plantation, digging holes,
planting nursery plants, and setting pillars, where MPSes had the highest hired labor cost, at 3.2 million
VND per hectare, because MPSes need strong male workers to set the wooden and concrete pillars (see
Table 4). According to farmers, setting pillars required intensive labor and needed men rather than
women. In contrast, CPI had higher family labor and lower hired labor costs than MCSes and MPSes,
accounting for 18.4 million and 1.3 million VND/ha. This meant that CPI took better advantage of
family labor (both men and women) in taking care of planting instead of setting pillars (as in the case
of MPSes), saving on hired labor costs.
The annual cost of MCSes was 43.6 million, the cost of MPSes was 86.7 million, and the cost of
CPI was 86.3 million VND per hectare. These costs had higher intermediate and labor costs, which
were two main components.
With respect to intermediate costs, MPSes had the highest, at 38.7 million VND per hectare,
with MCSes at 18.5 million and CPI at 28.5 million VND per hectare (see Table 5). Simultaneously,
fertilizer and pesticide stimulants tended to be overused in production. The surveyed data also
reported that fertilizer accounted for 70%, 64%, and 73% of intermediate costs for MCSes, MPSes,
and CPI, respectively. In particular, inorganic fertilizer was applied as a key input in coffee and other
industrial crops in three systems. For instance, coffee farmers’ use of agro-chemical fertilizer made up
56% of total immediate costs, whereas fewer farmers said they used organic fertilizer in this model,
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accounting for only 14% of immediate costs. The reasons for the small number of farmers using
manure was that (1) manure was more expensive than chemical fertilizer, and (2) a large number of
old coffee trees needed to be replanted (after about 25 years) [31], which discouraged farmers from
investing in manure. For poor farmers, the cost of tree renewal is a serious threat to their livelihoods, so
using compost exceeds their investment capabilities [45]. In addition, pesticide stimulants for MPSes
were costly, at 10.4 million VND per hectare (26.8% of intermediate costs (IC)), compared to others
(see Table 5). This was explained by (1) pepper plantations having a high incidence of disease (i.e.,
foot rot, slow decline, 90%) [6,43]; (2) most plantations dealing with infectious diseases (i.e., 90% of the
surveyed households had at least ten crops lost to diseases); and (3) the results of FGDs showing that
pepper crops using wooden and concrete pillars had worse disease infections. Whereas households
expected pepper to grow quickly to catch a good market, it led to more stimulants use. However,
if pepper prices continued to drop, as coffee did some years ago, farmers in FGDs revealed they would
have to reduce fertilizer and other inputs. According to Ho, 2014, the ration of output to pesticide only
reached 0.13% [46]. In 2017, growing pepper areas overshot provincial master plans, accounting for
150% growth (cited from the head of DARD). This led to a glut on the market and reduced pepper
prices by half to just 110.000 VND (4.8 USD) per kilogram compared to the year before.
Table 5. The cost structure of perennial crop production. Unit: Thousands of VND/ha.
Items
Farming System
Sig.MCS (n = 32) MPS (n = 28) CPI (n = 30)
Mean SD Mean SD Mean SD
Annual cost 43.6 11.1 86.7 39.3 86.3 23.3 0.00 *
Intermediate cost (IC) 18.5 6.8 38.7 25.4 28.5 12.2 0.00 *
Fertilizer 13 5.8 24.6 18 20.9 9.5 0.01 *
Manure 2.6 5.3 11 13.2 6.1 7
Agro-chemical use 10.3 4.1 13.5 6.6 14.8 6
Pesticide, stimulants 2.4 2.2 10.4 10.6 4.2 4.1 0.00 *
Fuel irrigation 1.4 0.6 1.3 0.7 1.6 0.9 0.22
Others 1 0.8 1.8 1.1 1 0.6 0.01 *
Transporting 0.5 0.3 0.4 0.3 0.4 0.3 0.78
Packaging 0.2 0.1 0.3 0.3 0.3 0.2 0.00 *
Labor cost 21.5 4.7 39.2 13.7 45.8 13.6 0.00 *
Hired labor cost 3.3 3.2 7.6 5.1 11.7 7.9
Family labor cost 18 4.6 31.6 12 34 14
Loan interest 1 1.9 3 2.6 4 2.9 4.3 0.82
Depreciation 2 1.8 0.9 6.1 2.4 5.5 4 0.00
Source: Authors’ own calculations. 1Interest rate: 10%. 2 The life expectancy of perennial crops was 25 years
[31]. Most amortization equipment (equipment was owned by the farmers) was considered to be linearly fixed at
25 years. *
For labor, perennial crop systems require high labor inputs [45,46]. Most labor costs were for
harvest, MPSes at 39.2 million (45.5% of annual costs) and CPI at 45.8 million VND per hectare (58% of
annual costs), with both being more labor-intensive than MCSes (see Table 5). This is because they
required more labor, especially black pepper (i.e., 40 kg fresh pepper/day were collected as compared
to 100 kg fresh coffee/day). This created many labor pressures in harvest, especially during pepper
harvest season, while harvest time could not be expanded due to crop characteristics. Additionally,
CPI has a coffee harvest period from September to November, and pepper is from February to April,
which facilitates the use family labor. This system had the greatest number of family labor days
compared to the others, making up about 213 days over the year (see Table 6).
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Table 6. The economic efficiency of perennial crops production (in millions of dong/ha/year).
Items
Farming System
Sig.MCS (n = 32) MPS (n = 28) CPI (n = 30)
Mean SD Mean SD Mean SD
Total Output (millions VND) 80.8 19 253.5 89 285.4 82.7 0.00 *
Selling price (millions VND/ton)
Coffee 37 - 37
Pepper - 110 110
IC (millions VND) 18.5 6.8 38.7 25.4 28.5 12.2 0.00 *
Value added (millions VND) 62.4 15.7 214.7 71.5 256.8 81.9 0.00 *
Net farm income (millions VND) 37 13.3 166.7 59 200 77 0.00 *
Profit (millions VND) 19 12 135 51.3 165 76 0.00 *
Profit/IC 1.1 0.7 5 3.7 7 4.3 0.00 *
Family labor days (days) 113 28 197 75 213 88 0.00
Profit/family labor days 0.2 0.1 0.7 0.2 0.9 0.5 0.00 *
Source: Authors’ own calculations. Asymp. sig. of Kruskal–Wallis test: 0.00. The actual value of the crop excludes
any crop loss due to drought or pests. In this study, off-farm income was not taken into account so that the total
average farm income was only the value of perennial crops.
To conclude, the available evidence showed that MCSes incurred the lowest production costs,
whereas MPSes had the highest. However, MPSes used more intensive farming inputs than technical
standards required locally. This will affect sustainability (i.e., health and environment risks), as well as
create problems accessing export markets in the future due to high chemical residues in products [32].
There was differing economic efficiency in the three perennial crop systems illustrated in Table 6
by total output, value added, net farm income, profit, and the ratio of profit to intermediate cost.
The output of MCSes, MPSes, and CPI reached about 81 million, 254 million, and 286 million
VND per hectare (where total output equaled coffee and/or pepper yield multiplied by coffee and/or
pepper price) (Table 6). Net farm income was about 37 million for MCSes, 167 million for MPSes,
and 200 for CPI, whereas profit figures were 19 million, 135 million, and 165 million VND per hectare,
respectively (Table 6).
Of the three systems, indicators for MCSes, including revenue, net farm income, profit, the ratio
of profit/IC, and the ratio of profit/family labor days, were lower than the others. This is explained by
coffee price losses in recent years, now about one-third of pepper prices. Furthermore, aging tree stock
led to declining productivity (Tables 3 and 6). The inefficiency level of mono-cropping, synchronization,
and segregation was around 18% [25].
In contrast, CPI had the best performance for the above indicators among the three systems due
to the presence of economies of scope for coffee and pepper. For instance, the ratio of profit/IC and
the ratio of profit/family labor days of CPI were the highest, 7 and 0.9, respectively.
3.3. Affected Farmers’ Decisions on Perennial Crop Practice
The research used binary regression to explain the relationship between the socioeconomic
characteristics of perennial crop farmers and those using other crop farming. It examined the
probability of a farmer’s decision to shift crop system from current farming to the others based
on socioeconomic factors (see Table 7).
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Table 7. The influence of socioeconomic factors on a farmer’s decision to switch to perennial
crop production.
Variables B S.E. Wald Sig. Exp(B)
Constant 2.230 2.873 0.602 0.438 9.297
Ethnicity (1 = Kinh, 0 = Ede and others) 3.672 1.231 8.894 0.003 39.339
Education −0.482 0.173 7.752 0.005 0.618
Training (yes = 1, 0 = no) 2.783 0.995 7.830 0.005 16.174
Crop failure (yes = 1, 0 = no) 4.278 1.079 15.711 0.000 72.092
Profit/cost −1.273 0.460 7.652 0.006 0.280
Source: Authors’ own calculations. * Significant at 99% level; -2 log likelihood = 60.254; omnibus test of model
coefficients (χ2, df, sig) = 64.5, 16, 0.000; Cox and Snell (R2) = 0.512; Nagelkerke R2 = 0.682; percentage of correct
predictions = 86.7%.
The formula of logistic regression was as follows:
FDT (farmer’s decision transforming) = 2.230 + 3.672*Ethnic of HH − 0.482*Education +
2.783*Training + 4.278*Crop failure − 1.273*Profit. (3)
We note that FDT is proportional to the probability of a farmer’s decision in transforming
production. Thus, the socioeconomic factors associated significantly with this probability including
ethnicity of HH (3.672), training (2.783), and crop failure (4.278), which had a positive relationship
with a farmer’s decision. This means that the Kinh ethnicity preferred to convert their cropping system
(i.e., 60% of surveyed Kinh households planned to convert current farming to mixed cropping systems,
including coffee-pepper-fruit). Higher education levels, higher percentages of training, and higher
percentages of crop failures (because of plant diseases) improved the probability of transforming
cropping. On the other hand, there was a negative relationship between profit/cost and a farmer’s
decision (−1.273), and low profits from farm activity increased the probability of transforming to
other systems.
4. Discussion
The study found that the startup operations of the three systems required spending high financial
investments, and also man-days. However, MCSes had the lowest cost compared to MPSes and CPI.
At the same time, MCSes replanting has been supported by local governments through nurseries.
This has been considered with limited finances. However, spending less on manure or compost in
the establishment of a coffee plantation influenced the growth and quality of crops and productivity.
MPSes had the highest capital requirement in comparison to the others, with especially the use
of concrete and wooden pillars needing more man-days (and requiring men rather than women).
It was likely to reduce women’s employment opportunities. Additionally, using wooden pillars in
MPSes was considered damaging to the environment, as they destroy the forest. This created many
challenges for the farmers and local authorities. For future development, wooden and concrete pillars
should instead be replaced by live plant supports in MPSes to become sustainable. CPI uses live
plants as supports, which not only saves on pillar costs compared to MPSes, but is also highly labor
intensive, creating more employment opportunities, including opportunities for women’s employment
throughout production in various operations such as pruning and taking care of plants.
In the production process, MCSes had smaller annual costs than the others because of less
hired labor and less pesticide stimulant use. The overuse of chemical fertilizers can have negative
environmental impacts [46]. MPSes apparently applied more pesticide and stimulants than required
for local technical standards and also more than the others used. This not only increased annual
costs but also negatively affected sustainable development (i.e., health and environmental risks),
as well as adversely affecting access to export markets due to high levels of chemical residues in
products [30]. Both MPSes and CPI had higher costs of production than MCSes, which created
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difficulties for low-income farmers and the poor in choosing which system was suitable for them.
In particular, CPI had the highest labor costs in production compared to the others. As a result, small
farms’ labor availability needed to be considered in choosing the appropriate perennial crop system.
5. Conclusions
Perennial crops grow well in favorable regions such as the Central Highlands in general and
Dak Lak province in particular, with diversified systems including mono-systems and intercropping
systems. In this study, the authors analyzed the economic efficiency of three perennial crop systems,
MCSes, MPSes, and CPI, evaluating establishment cost, production cost, and return indicators.
The study found that the startup operations of the three systems required not only a high financial
investment, but also many man-days, and MCSes had the lowest cost compared to MPSes and CPI.
In the production process, MCSes had smaller annual costs than the others because of less hired
labor and lower pesticide stimulant use. However, there was overuse of chemical fertilizer. Similarly,
MPSes suffered from higher pesticide and stimulant use than technical standards required locally and
than the other crops did.
Economic analysis found that CPI was economically the most viable of the three systems.
Additionally, CPI created higher profit per family labor unit than other systems. In addition to
economic factors, social factors also affected the decision process in choosing suitable farming systems.
These social factors included education, training, and farm status.
However, due to limitations of time and expertise, the study sample size was not extended, which
would have generated more accurate results. Additionally, the study did not analyze the economic
efficiency of each mono-cropping system deeply to compare the economic efficiency for each perennial
crop system over two years. In the next study, a larger data set needs to be examined. Additionally, a
social analysis of the three systems will be carried out in future studies.
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